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I. INTRODUCTION 

A. LOCATION OF PROPERTY 

The 5-acre parcel is zoned Single Family residential (R-1) (see appendix A Exhibit A) and is Located 

300 feet North of the intersection of Hook Blvd and Verbana Rd, South of the City of Adelano, CA 

APN 3132-161-61. 

B. PURPOSE AND SCOPE  

The purpose of this study is to determine onsite 100-year storm flow before and after development and 

establish the difference between 90% of the predeveloped Q (CFS), and the developed Q which needs 

to be retained. This study also determines how to contain the increased flow and size the retention 

basin accordingly. Assuring that the downstream developments only receive their historic storm flows. 

C. METHODOLOGY 

This study is based on using the San Bernadino County Hydrology Manual, Addendum B, and CivilDe- 

sign Method to model the storm channel flows. 

 

The following criteria was used for the off-site tributary flows (see appendix A Exhibit E): 

1. Current land use:      Vacant Land 

2. Proportion Currently Impervious:    0.1 % 

3. Proportion Impervious After Development: 60.0% (5 -7 Dwellings per acre) 

4. Intended Use:       Residential Tract 

5. NOAA 14 Precipitation    100-year 1-hour = 1.06 

6. Soil Type     105, Bryman Loamy Fine Sand, Group C (100%)  

7. San Bernardino County Hydrology Manual Rational Method 

8. San Bernardino County Hydrology Manual Unit Hydrograph 

D. COMPLIANCE WITH REGULATIONS  

All calculations are based on generally accepted engineering practices in accordance with the San 

Bernardino County Hydrology Manual’s Hydrologic Criteria and Drainage Design including the April 2010 

Addendum that addresses the Antecedent Moisture Condition (AMC) for arid regions of the County, the 

Detention Basin Design Criteria handout, and the Memo dated September 4, 1987, addressing Detention 

Design Criteria and pre-developed storm years to be used.  

E. FLOODPLAIN INFORMATION 

The project is located outside of the Federal Emergency Management Agency (FEMA) Flood Insurance 

Rate Map Panel 06071C5795H effective August 28, 2008, indicated that the site is in “Zone D” (see 

appendix A Exhibit F). Zone D is defined by FEMA as “areas in which flood hazards are undetermined, 

but possible” (see appendix A exhibit F) for the San Bernardino County. 
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II. OFF-SITE HYDROLOGY 

Considering that this project is surrounded by other developments that direct off-site flows around 

this project, no offsite tributary area is considered as a part of this study. 

 

III. ON-SITE HYDROLOGY: 
 

A. PRE-DEVELOPED DRAINAGE DESCRIPTION  

After removing street dedications on Verbena Rd, the remaining 4.75-acre site is currently undeveloped 

and consists of Bryman loamy fine sand (see appendix A Exhibit D) with sparse vegetation. The project 

consists of one (1) drainage area, which slopes and drives normally from south-west to north-east 

corner 

of the property. As part of the analysis, the drainage area is divided into four (4) drainage management 

areas (DMA) (see Appendix A Exhibit B). 

The Drainage management Area “A” consists of a 0.91-acres initial Subarea 1A that flows 240 ft. 

to the north-east with an elevation change of 4.7 ft. and a slope of 1.96%. Subarea 2A transports 

these storm flows 591 ft to the north having an elevation change of 7.4 ft. at a slope of 1.25% over 

1.27 acres. Then, this flow line will confluence with DMA B. 

The Drainage management Area “B” consists of a 0.35-acres initial Subarea 1B that flows 190 ft. 

to the north-east having an elevation change of 4.7 ft., and a slope of 2.47%. Subarea 2B transports 

these storm flows 195 ft to the north-east at an elevation change of 3.2 ft., slope of 1.64% over 0.56 

acres. At the end of subarea 2B, there is a local confluence with area 2C, which will flow though area 

3B that consist of 0.52-acres, a flow line of 190 ft, and elevation change of 4 ft at a 2.10% slope. 

The Drainage management Area “C” consists of a 0.55-acres initial Subarea 1C that flows 210 ft. 

to the north-east at an elevation change of 6.7 ft., and a slope of 3.04%. Subarea 2C consists of an 

area of 0.65 acres, elevation change of 0.8 ft, and a slope of 0.58% that transports the storm flow 137 

ft north-west where its confluences with subarea 2B. 

At this point, DMA A & B confluences at the north-east corner of the property. 

B. PRE-DEVELOPED HYDROLOGY ANALYSIS  

Using CivilDesign Rational Method Software, each of the 3-Draiange Management Areas was analyzed 

to determine the 25-year Pre-Developed 1-Hour Peak Storm flows (See appendix B). When combined, 

it gives a total Q of 7.86 cfs. 

C. POST-DEVELOPED DRAINAGE DESCRIPTION  

The site will be developed as a residential tract with an average of 20 - 8260 sq. ft. lots. Considering 

the accompanied streets and gutters, this will add a total impervious area of about 60%. The streets, 
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gutters and storm water pipes will direct flows to a retention basin that will contain the total retention 

volume required to release 90% of the Pre-Developed storm flows downstream. The 4.75-acre on-site 

developed site consists of one (1) Drainage Area subdivided into two (2) drainage management areas 

(DMA) (see Appendix A Exhibit C). 

DMA-A has an Initial Area 1A consisting of 0.26 acres with a flow travel length of 155 ft., an 

elevation difference of 4.16 ft. resulting in a slope of 0.06%. Which flows through subarea 2A, that 

covers 0.68 acres and has a flow path of 228 ft., an elevation change of 1.3 ft. and a slope of 0.57%. 

Then it flows through Subarea 3A that covers an area of 1.21 acres and has a flow path of 289 ft., an 

elevation change of 1.4 ft. and a slope of 0.48%. At the end, this flow will be caught by a storm basin 

drain, that will direct the flow through a pipe, to another catch basin drain where it confluences with 

DMA-B flows. 

DMA-B has mirrored areas of DMA-A, with an Initial Area 1B consisting of 0.26 acres with a flow 

travel length of 155 ft., an elevation difference of 2.3 ft. resulting in a slope of 1.48%. Which flows 

through subarea 2B, that covers 0.68 acres and has a flow path of 228 ft., an elevation change of 1.3 

ft. and a slope of 0.57%. Then, it flows through subarea 3B that covers an area of 1.21 acres and has 

a flow path of 289 ft., an elevation change of 1.4 ft. and slope of 0.48%. When the flow is caught by 

the storm drain basin near the east end of subarea 3B, it confluences with DMA-A flow, these flows 

combined then travel inside a pipe, that fills the retention/detention basin on-site. 

When filled, the retention/detention basin will release the excess storm water at the local historic 

conveyance point at the north-east corner. 

D. POST-DEVELOPED DRAINAGE ANALYSIS  

Using CivilDesign Rational Method Software we determined that for the 100-year storm the total flow 

is equal to Q= 10.11 cfs, and the total time of concentration is 11.62 min. 

DMA-A storm flows through a gutter in subarea A1 followed by area A2 and A3(see Appendix A 

Exhibit C), with half street capacity of 4.42 CFS. Then, the water is captured by a curb opening to a 

storm drain where it will flow through an 18-in pipe to the other side of the street, where it confluences 

with DMA-B. 

DMA-B storm flows similarly to DMA-A. Therefore, the storm water flows from B1, followed by 

B2 and B3(see Appendix A Exhibit C) through the half street capacity Q = 6.18 cfs. Curb and gutter 

sizing have been adjusted accordingly to have a capacity of 16.73 cfs (see Appendix D). Near the end of 

subarea B3, the water flow is caught thought a curb opening to a retention drain, where it confluences 

with DMA-A, then it flows inside a pipe sized 24-in (see Appendix D) to a retention/detention basin 

with the volume capacity of 0.61 Acre-ft. The basin when filled, will mitigate down the flow at the 

peak of the storm to a Q of maximum 7.046 through an 18-in pipe near the historical site conveyance 

point. 

E. RETENTION BASIN 

Per September 4th, 1987, interoffice memo of the San Bernardino County detention basin design 

criteria, the 100-year on-site developed peak storm flow of 13.69 CFS (see appendix C) must be 
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mitigated by a retention/detention basin to a required Q(QR) having a rate of 90% of the 25-year storm 

or (7.862*0.9=)7.046 CFS as shown of Fig.1. In order to determine the volume, one must interpolate 

between the data presented in the unit hydrograph volume output shown on page(xxx) of this study. 

The required QR falls between upper Q (QU) and lower Q(QL) on the legging leg of the hydrograph 

output. Vland VU are the corresponded volumes for the respective Q’s “QU and QL”. The interpolation 

equation 1 is shown below. 

 

 

The minimum volume (V) obtained through the equation 1 was V = 0.4615 Ac.ft. Which is greater 

than the required volume of 0.6106 Acre-ft (see Appendix D). 

IV. CONCLUSIONS AND RECOMENDATIONS: 

When improvements made, the sizing of the half street curb will be able to bear the storm flow of 

a 100-year storm. As well as the curb opening and catch basin design to work at the determined 

Q’s. The pipes sized by the civil design software, also should meet the capabilities of the required 

flow for the peak of the 100-Year storm when installed and purchased with no abnormalities. Also, 

the retention/detention basin was design according to the interoffice memo of the San Bernardino 

County detention basin design criteria, therefore it retains a volume 0.61 Ac.ft, 0.15Ac.ft more than 

the minimum required. Thus, after these improvements’ completion, the project will be protected 

against flood. 
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